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Reading Time: 10 minutes 
Writing Time: 180 minutes 
 
INSTRUCTIONS TO CANDIDATES 
 The examination has SIX questions. Please answer ALL questions. 
 The total marks of this examination are 50 marks. 
EXAM CONDITIONS 
You may begin writing from the commencement of the examination session.  The reading time indicated above is 
provided as a guide only. 
This is a CLOSED BOOK examination 
Any non-programmable calculator is permitted 
No handwritten notes are permitted 
No dictionaries are permitted 
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Question 1: Big Data Fundamental         [5 marks] 
Q1.1 What is the default replication factor for HDFS system in Hadoop and Why?                     [1 mark] 
 
 
Q1.2 The Hadoop Distributed File System (HDFS) is an integral part of the Hadoop ecosystem. It is 
robust, and reliable?  What is HDFS good at?                                                     [1 mark] 
 
 
Q1.3 The Hadoop Distributed File System (HDFS) is an integral part of the Hadoop ecosystem. It is 
robust, and reliable?  What is HDFS not good at, and why?                                                             [1 mark] 
 
 
Q1.4 The HDFS has two basic types of nodes that do the “heavy” lifting to ensure a robust and reliable 
environment.                                                        [2 marks] 
 
 
(a). What are these nodes called, and what do they contain/maintain?  
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Question 2 Big Data Technique                   [5 marks] 
Q2.1 The Internet Archive is a digital archive that makes snapshots (a local copy) of a huge number of 
Web pages, archiving the Internet for future generations. It currently has collected more than 400 
billion snapshots of Web pages; very dynamic pages such as the front page of the New York Times 
website or the Volkskrant website are crawled several times per day. Other Web pages are crawled 
only once a year. Assume you are tasked by the Internet Archive to provide the following services for 
their data?  
1. All snapshots crawled within the past 30 days should be directly accessible to users: it should take 
merely seconds between a user submitting a URL and the Internet Archive returning the list of 
snapshots taken during the past 30 days. 
2. Requesting older snapshots requires more patience: a user can submit a list of URLs and a time 
frame of interest (e.g. http://www.nytimes.com/index. html between March 1, 2009 and March 
15, 2009) and within a few hours or at most days the Internet Archive should return the requested 
snapshots. 
3. On the website of the Internet Archive live statistics should be shown, indicating the number of 
URL requests issued by users today and the past month, the number of snapshots crawled today 
and the number of older snapshot requests currently being processed. 
 
Given your knowledge of big data (and small-data) technologies, discuss which technologies you would 




Q2.2 Enterprise routers are the backbone of large-scale computer networks. They can forward millions 
of data packets per second based on the destination address of each packet. You are asked to design 
an algorithm that counts with reasonable accuracy and a low memory footprint the unique number of 
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Question 3 Hadoop based Data Analytics      [10 Marks] 
Given a number of items (e.g. points in a 2D space), the goal of the K-means clustering algorithm is to 
assign each item to one of k clusters (the number k is fixed in advance). 
 




All questions refer to the pseudo-code given above. 
 
(a) To implement the K-means algorithm in Hadoop, several jobs need to be run. What is the maximum 
number of jobs that need to be run?           [2 marks] 
 
(b) Indicate which lines of the pseudo-code contain the work of a single job (give the line numbers). 
    [2 marks] 
(c) List all information that needs to be maintained between subsequent jobs.                       [2 marks]  
 
(d) What is the Mapper’s input and output in each job?                                                                [2 marks] 
 
(e) What is the main disadvantage of implementing K-means in Hadoop?                                [2 marks] 
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Question 4 Spark                 [10 Marks] 
Q4.1 When do use apache spark and why? What are the key benefits of Spark over MapReduce? 
                  [2 marks] 
Q4.2 What are the downsides of Spark?       [2 marks] 
 
Q4.3 When running Spark on YARN, do we need to install Spark on all nodes of YARN cluster? 
            [2 marks] 
Q4.4 Let us assume that you have a very huge text file, you want to just check if a particular keyword 
exists. How would you do this using Spark?                [2 marks] 
 
Q4.5 Assume that there is a huge list of numbers in RDD(say myrdd). And following code is used to 
compute average: 
 
def myAvg(x, y): 
return (x+y)/2.0; 
avg = myrdd.reduce(myAvg); 
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Question 5 Text Clustering         [10 Marks] 
Q5.1 Consider a run of (N–1)-means clustering on N documents each represented as a unit vector in 
term space. Suppose further that all N choose 2 cosine distances are different. We run the algorithm 
with N–1 of the input documents as the initial centroids. Give an example in two dimensions to show 
that the choice of starting centroids will determine the identities of the clusters we end up with. 
            [5 Marks] 
Q5.2 Consider clustering N points on a line situated at coordinates equalling the powers of two (1, 2, 
4 etc). Suppose we use agglomerative clustering by merging the two closest centroids at each step. 
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Question 6 Text Retrieval         [10 Marks] 
All the following questions focus on system/algorithm design. Please think about all the methods and 
concepts we have discussed in class (including those from the students' paper presentations) and try 
to give your best designs in terms of feasibility, comprehensiveness and novelty. When necessary, you 
can draw diagrams or write pseudo codes to illustrate your idea. 
 
Q6.1 When designing search engine system, if we do not assume document independence, how can 
we design a better ranking algorithm?       [5 Marks] 
 
Q6.2 How can we design a new Mean Average Precision metric to incorporate multi-grade 
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